toneally (i.p.) with moderate doses (>10 ) of mucin-suspended organisms, but deaths are believed to occur from the toxic effects of the endotoxin associated with the rapidly expanding peritoneal population of S. typhi (11, 20, 23) . The failure of S. typhi to undergo net replication in reticuloendothelial system tissues of the murine strains tested to date (1, 4) suggests a genetically conferred intraspecies basis for S. typhi resistance. By contrast, mice challenged with Salmonella typhimurium or Salmonella enteritidis develop a disease similar in its pathogenesis to human typhoid fever (2, 3, 9). Furthermore, inbred strains of mice exhibit a differential susceptibility to S. typhimurium infection (16) , and three distinct murine genetic loci have been identified which regulate this dose-dependent response to S. typhimurium (12) . Ity, the first S. typhimurium response gene discovered, is located on mouse chromosome 1, and two allelic forms of it have been described (14, 18, 19) . Mice which carry the ItyS allele are susceptible to S. typhimurium (parenteral 50% lethal dose [LD50] < 20) and display rapid, unrestricted net bacterial growth in their spleens and livers (18, 19) . Conversely, Ityr animals are S. typhimurium resistant (parenteral LD50 > 103) and can curtail in vivo S. typhimurium multiplication (18, 19) . The two other genes, Lpsd and xid, are mutant alleles on chromosome 4 and the X-chromosome, respectively, which render mice susceptible to S. typhimurium (13, 15) . The Lpsd allele also confers endotoxin hyporesponsiveness (24) on mice which are homozygous at that locus (e.g., C3H/HeJ mice), whereas the xid allele mediates a selective Xlinked B-cell dysfunction (22) .
The purpose of this study was to analyze the basis for the intraspecies resistance of mice to S. typhi. Since net growth of a bacterium in animal tissues reflects a positive balance between cell division and cell death, the rapid decline in viable counts of S. typhi in spleens and livers of intravenously (i.v.) infected mice as observed by Carter and Collins (1) could indicate (i) that the bacteria are rapidly inactivated by resident macrophages within the murine reticuloendothelial cell system, a tenet suggested by Collins and Carter (4); (ii) that the microbes are killed by a substance in the extracellular milieu; (iii) that the organisms multiply poorly, if at all, in murine tissues, possibly because they fail to acquire essential nutrients from host tissues; or (iv) a combination of these factors. Each of these proposals was examined. The findings suggest that S. typhi are unable to obtain sufficient levels of iron from the murine host for bacterial growth. organisms per ml) of the bacteria were serially diluted in sterile saline (0.85% NaCl). The actual number of viable organisms in the challenge inoculum was assessed by plate counts on tryptic soy agar (Difco Laboratories). Groups of five mice were infected i.p. or i.v. with graded doses of bacteria suspended in 0.5 ml of saline. In some studies, mice were treated with different substances before infection. These materials included: (i) silica (0.17 mg per g of mouse) prepared as previously described (16) mice of the C57BL/6J strain are refractory to S. typhi challenge (1). A second method used to test the involvement of macrophages in murine resistance to S. typhi was to treat mice with silica, an agent which is toxic for macrophages (16) . As previously demonstrated with S. typhimurium-resistant (CBA/N x DBA/2N)F1 female mice (16) , this procedure rendered outbred CD-1 mice both S. typhimurium sensitive (Table 1) and unable to contain splenic growth of the organism (Fig. 1) CD-1 mice (Table 1) , nor did the substance prevent the clearance of S. typhi from spleens of CD-1 mice infected i.v. (Fig. 1) . The results of these experiments suggest that the resistance of mice to S. typhi is not solely a consequence of a macrophage-dependent microbicidal mechanism.
MATERIALS AND METHODS

Mice
To test the possibility that S. typhi is killed extracellularly by a humoral substance, the replication of the bacterium in fresh CD-1 and C3H/ HeJ mouse sera was compared with that of S. typhimurium. Samples (30 ,ul) of saline-suspended bacteria at 4 x 105 organisms per ml were mixed with 0.27 ml of the CD-1 serum or 0.27 ml of the C3H/HeJ serum or saline and incubated at 37°C, and aliquots were taken for colony counts at various intervals. Neither microbe replicated in saline, but both strains multiplied equally well in mouse sera (Table 2) . Thus, S. typhi is probably not inactivated extracellularly in the murine host if fresh serum is representative of that environment.
Lastly, the hypothesis that S. typhi cannot multiply within murine tissues because the environment is nutritionally inadequate was examined. Since the relationship between the capacity of a microbe to obtain iron in vivo and its virulence is well documented (17) , the effect of iron administration on the LD50 of S. typhi for mice of different genotypes was determined. Although such treatment dramatically enhanced the virulence of S. typhimurium for CD-1 mice (Table 1) , a finding consistent with the observations of other investigators (7, 8, 21) , the LD50 of S. typhi was not altered for CD-1 mice and was only slightly (albeit statistically significantly) reduced for C3H/HeJ or BALB/c animals. However, combined treatment of mice with a single dose of iron and multiple doses of DHB, a substance reported to act as an iron chelator for S. typhimurium (7), permitted systemic replication of S. typhi (Fig. 2) and decreased the LD50 of S. typhi 150-fold for CD-1 mice, 300-fold for BALB/c mice, and 750-fold for C3H/HeJ animals (Table 1 
